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  In this study the possibility of the partitioning and purification of pectinases from 
Penicillium cyclopium by their partitioning in polymer/polymer and polymer/salt aqueo-
us two-phase systems was investigated. In the system with 10% (w/w) polyethylene glycol 
1500/5% (w/w) dextran 500 000/85% (w/w) crude enzyme, the highest values for partiti-
onning parameters were achieved - the partition coefficient was 2.11, followed by the top 
phase yield of 85.68% and purification factor 1.28 for the endo-pectinase activity. The 
partition coefficient, yield in the top phase and purification factor for the exo-pectinase 
activity in the same system were 1.89, 84.28% and 3.82, respectively. 
  In the system with 10% (w/w) polyethylene glycol 6000/15% (w/w) (NH4)2SO4/75% 
(w/w) crude enzyme purification factor 37.85 for exo-pectinase, and 19.52 for endo-pecti-
nase in the bottom phase were obtained. 
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INTRODUCTION 
 
  Conventional techniques for separation and purification of biomaterials have some 
disadvantages such as insufficient selectivity, high energy consumption and possibility of 
denaturation of biomolecules when organic solvents are used in extraction processes. 
Most of these difficulties can be overcome by conducting the bioseparations in aqueous 
two-phase systems (ATPS) (1). 
  Aqueous two-phase systems are formed when two mutually incompatible polymers or 
polymer and salt are mixed above certain concentration (2). Aqueous two-phase systems 
provide mild environment, high selectivity and good results in purification of fragile bio-
materials. Partitioning in ATPS is an energy efficient and easily scalable operation with a 
rapid mass transfer due to low interfacial tension (3). 
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  Molecular weight of a polymer as a constituent of an ATPS is the important factor for 
partitioning in aqueous two-phase systems and it has a strong influence on separation of 
biomolecules in these systems (4). One of the often used polymers in aqueous two-phase 
systems is polyethylene glycol. An increase of the value of the partition coefficient may 
be achieved by decreasing the molecular weight of the polymer (5 - 8). Such an influence 
of molecular weight is a consequence of decrease of the degree of polymerization that is 
followed by reduction of polyethylene glycol hydrophobic characteristics. Thus there is 
larger amount of a solvent (water) that is available for dissolving of proteins, which 
makes the top polyethylene containing phase more favourable for the partition of proteins 
(3). 
  Pectinases are commercially important group of enzymes that degrade pectin by va-
rious mechanisms (9). They can be produced by microorganisms and plants, but the wi-
dest application have pectinases produced by fungi (10). For the manufacturing of enzy-
me preparation it is very important to find an efficient bioseparation technique and parti-
tioning in ATPS are recognized as powerful technique for primary separation and puri-
fication of enzymes (11). 
  The aim of this study was to investigate the influence of various molecular weights of 
polyethylene glycol on the partitioning of pectinases produced by Penicillium cyclopium 
in aqueous two-phase systems. Two types of ATPS containing polyethylene glycol were 
used – polymer/polymer and polymer/salt. 
 
 
EXPERIMENTAL 
 
  Cultivation of Penicillium cyclopium  
  The cultivation was conducted in 300 ml Erlenmayer flasks with 100 ml of a supstrate 
that contained 1.5 g apple pomace, 0.2 g (NH4)2SO4 and 1.36 g KH2PO4. The pH value of 
the supstrate was adjusted to 4.5. Prepared supstrate was sterilized during 30 min at 
121ºC and after that it was inoculed with 10
8 spores/100ml. The cultivation was stopped 
after four days, and the content of Erlenmayer flask was filtered. The obtained filtrate, 
having the pH value 4.7, was used as crude enzyme (CE). 
 
  Preparation of ATPS  
  Polymers that were used were polyethylene glycol 1000 (PEG 1000), polyethylene 
glycol 1500 (PEG 1500), polyethylene glycol 4000 (PEG 4000), polyethylene glycol 
6000 (PEG 6000), polyethylene glycol 10 000 (PEG 10 000) and fractionated dextran 
(Mr~500 000). In the ATP systems polymer/salt, (NH4)2SO4 was used. 
  The two-phase systems were prepared by mixing thoroughly the required quantities 
of polymers or polymer and salt in the crude enzyme solutions, equilibrated at room tem-
perature for 5 minutes at vortex. The total mass of the two-phase system was 10 g. The 
two phases were allowed to separate (12 hours) before sampling, and then the upper 
phase was carefully removed with a pipette, leaving a small amount at the interface. The 
lower phase was then sampled through the interface. Samples of each phase were ana-
lysed for enzyme activities and protein concentration. 
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  Protein assay  
  The determination solubile proteins was carried out by the Bradford method (12) with 
BSA (Bovine Serum Albumin) as a standard. 
  
  Enzyme assay  
  Endo-pectinase (endo-p) activity was determined by measuring the decrease of the 
specific viscosity of the reaction mixture (13). One unit was defined as the amount of 
enzyme that reduced the initial specific viscosity of the reaction mixture by 20% in 1min. 
  Exo-pectinase (exo-p) activity was measured according to the literature (14). One unit 
was defined as the amount of enzyme that catalyzed the formation of 1 µmol of galactu-
ronic acid per hour at pH 5.0. 
  The partition coefficient for endo-p and exo-p in ATPS was defined as: 
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where Vt and Vb and  are the volumes of the top and the bottom phase, respectively. 
  The specific enzyme activity in one of the phases was determined as: 
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where aphase and Cp,phase are the enzyme activities in one of the phases and protein con-
centration in that phase, respectively. 
  The purification factor of enzyme activity in one of the phases was calculated as: 
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where specific activityCE is specific activity of crude enzyme. 
 
RESULTS AND DISCUSSION 
 
  Partition experiments were conducted in two types of aqueous two-phase systems: the 
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and the second one was formed of polyethylene glycol and ammonium sulfate. The chan-
ges of the partition behavior of endo-p and exo-p activities with an increase of molecular 
weight of polyethylene glycol were monitored. 
  As can be seen from the results presented in Table 1, in the systems with higher 
molecular weights of polyethylene glycol higher values of volume ratio and higher yields 
in the bottom phases are obtained, while other partition parameters for endo-p activity 
decreased. The highest results for partition parameters were achieved in the system with 
the lowest investigated molecular weight of polyethylene glycol, i.e. with PEG 1500, and 
they were: the partition coefficient 2.11, the top phase yield 85.68% and the purification 
factor in the top phase 1.28. 
 
Table 1. The effect of molecular weight of PEG on the partition parameters of endo-
pectinase produced by Penicillium cyclopium in aqueous two-phase systems composed 
of: 10% (w/w) PEG, 5% (w/w) dextran 500 000 and 85% (w/w) crude enzyme 
 
PEG Vt/Vb K  Yt (%)  Yb (%)  FPt FPb 
1500  2.83  2.11 85.68 14.32 1.28  / 
4000  4.22  0.80 77.16 22.84 0.37 0.78 
6000  4.53  0.57 71.91 28.09 0.12 0.12 
10000 4.22  0.30 56.13 43.87 0.10 0.08 
 
  In Table 2 the results for the partitioning of exo-pectinase activity in the system 
PEG/dextran are showed. The partition parameters decreased with the increase of mo-
lecular weight of PEG, as it happened with endo-p activity in the same systems, but this 
decrease was more appropriate for exo-p activity. The system with PEG 1500 was again 
the most appropriate considering partitioning parameters in which the partition coeffici-
ent 1.89, the yield in the top phase 84.28% and the high purification factor in the top 
phase, over 3, were achieved. On the other hand, the system with the lowest values of the 
partition parameters was the system containing polyethylene glycol with the lowest in-
vestigated molecular weight – PEG 10 000. 
 
Table 2. The effect of molecular weight of PEG on the partition parameters of exo-
pectinase produced by Penicillium cyclopium in aqueous two-phase systems composed 
of: 10% (w/w) PEG, 5% (w/w) dextran 500 000 and 85% (w/w) crude enzyme 
 
PEG Vt/Vb K  Yt (%)  Yb (%)  FPt FPb 
1500 2.83 1.89  84.28  15.72  3.82  / 
4000 4.22 0.65  73.23  26.77  0.80  2.08 
6000 4.53 0.27  55.11  44.89  0.12  0.24 
10000 4.22  0.02  6.84  93.16  0.01 0.19 
 
  The results obtained for the partition behavior of both endo-p and exo-p activities 
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findings of other authors (5-8) that low molecular weight of polyethylene glycol general-
ly favors partitioning of enzymes to the top phase of ATPS. 
  The next step in the investigation was the partitioning of pectinases' activities in poly-
mer/salt ATPS (Table 3). Generally, the increase in molecular weight of PEG in these 
systems decrease the partition coefficient and the top phase yield of endo-pectinase acti-
vity. Exception was the system with PEG 1000; similar influence was also found for fun-
gal xylanase which can be explained by the complexity of crude enzyme composition 
(11). Considering results obtained for the partition of endo-p, polyethylene glycol/am-
monium sulfate systems could be appropriate for the separation and purification of this 
activity to the bottom phase. These results are in agreement with the findings for par-
titioning of pectinase from commercial enzyme preparation (15). From that point of view, 
the most favorable system was the one containing PEG 6000 in which yield and the puri-
fication factor in the bottom phase were over 90% and 19.52, respectively. In the system 
with PEG 10 000 the bottom phase yield was 100%, but low value of purification factor 
in the same phase was obtained. 
 
Table 3. The effect of molecular weight of PEG on the partition parameters of endo-
pectinase produced by Penicillium cyclopium in aqueous two-phase systems composed of 
10% (w/w) PEG, 15% (w/w) (NH4)2SO4 and 75% (w/w) crude enzyme 
 
PEG Vt/Vb K  Yt (%)  Yb (%)  FPt FPb 
1000 0.43 0.00 0.00  100 0.00  0.84 
4000  0.34  0.39 11.79 88.21 0.32 3.72 
6000 0.34 0.31 9.57 90.43  3.29  19.52 
10000 0.27  0.00  0.00  100  0.00  1.64 
 
  The results for the separation and purification of exo-pectinase activity by its par-
titioning in ATPS composed of PEG and (NH4)2SO4 are tabulated in Table 4. Similarly to 
endo-p partition behavior, the increase in PEG molecular weight decreased the occurence 
of exo-p activity in the top phase, except for the system with PEG 1000. Considering the 
results for the bottom phase yield and purification of enzyme activity, the system con-
taining PEG 6000 was the most suitable for the selective partitioning of the proteins that 
were responsible for exo-p activity, in which very high purification factor of almost 38 
was achieved, and good enough the bottom phase yield of almost 90%. 
 
Table 4. The effect of molecular weight of PEG on the partition parameters of exo-
pectinase produced by Penicillium cyclopium in aqueous two-phase systems composed of 
10% (w/w) PEG, 15% (w/w) (NH4)2SO4 and 75% (w/w) crude enzyme 
 
PEG Vt/Vb K  Yt (%)  Yb (%)  FPt FPb 
1000  0.43  0.09  3.81 96.19 0.06 1.26 
4000  0.34  1.18 28.92 71.08 0.05 0.05 
6000 0.34 0.33  10.07  89.93  6.76  37.85 
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CONCLUSION 
 
  The molecular weight of polyethylene glycol influenced the partitioning of endo- and 
exo-pectinase activities produced by Penicillium cyclopium in aqueous two-phase sys-
tems composed of polyethylene glycol and dextran, and polyethylene glycol and ammo-
nium sulfate. 
  Generally, it can be concluded that in both investigated types of aqueous two-phase 
systems the increase in molecular weight of polyethylene glycol decreased the par-
titioning of pectinases produced by Penicillium cyclopium towards the top phases of sys-
tems. Exception was the polymer/salt system which contained PEG 1000 – in this parti-
cular case the partition behavior of enzymes might be explained by the complexity of 
crude matrix composition. 
  Considering the values of obtained partition parameters of pectinases from Penicil-
lium cyclopium, polyethylene glycol/dextran and polyethylene glycol/ammonium sulfate 
systems could be appropriate for the separation and purification of these activities to the 
top and bottom phase, respectively. 
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УТИЦАЈ МОЛЕКУЛСКЕ МАСЕ ПОЛИЕТИЛЕН ГЛИКОЛА НА 
ИЗДВАЈАЊЕ И ПРЕЧИШЋАВАЊЕ ПЕКТИНАЗА ИЗ Penicillium cyclopium У 
ВОДЕНОМ ДВОФАЗНОМ СИСТЕМУ 
 
Јелена М. Продановић и Мирјана Г. Антов 
 
  У раду је испитана могућност издвајања и пречишћавања пектиназа из Penici-
llium cyclopium расподелом у воденим двофазним системима типа полимер/поли-
мер  и  полимер/со.  У  систему  састава 10% (w/w) полиетилен  гликол 1500 и 5% 
(w/w) декстрана 500 000 са 85% (w/w) сировог ензимског препарата постигнут је 
коефицијент расподеле 2,11, принос у горњој фази система од 85,68% и фактор 
пречишћености у горњој фази 1,28 за ендо-пектиназу, као и коефицијент расподеле 
1,89, принос у горњој фази система од 84,28% и фактор пречишћености у горњој 
фази 3,82 за егзо-пектиназу. 
  У систему 10% (w/w) полиетилен гликол 6000/ 15% (w/w) (NH4)2SO4 са 75% 
(w/w) сировог ензимског препарата добијен је фактор пречишћености 37,85 за егзо-
пектиназу и 19,52 за ендо-пектиназу у доњој фази система. 
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